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Clinical Observations 
Effects of Zao Huang Mixture (㯏咘ড়ࠖ)on the Expressions of TGF-ȕ1 
and Col IV in Human Glomerular Mesangial Cells Cultured  
in High Glucose Environment 
JU Jian-wei 䵴ᓎӳ , MU Shou-han ⠳ᥜ㦵 , YIN Yan-zhi ል➩ᖫ , LÜ Cong-kui ৩ϯ༢ ,  
SUN Xiao-yan ᄭᰧ➩ , and DENG Lei-xiu䙧⺞ׂ 2
Objective: To investigate the effect of Zao Huang Mixture (㯏咘ড়ࠖ ZHM) on expressions of growth factor-ȕ1 
(TGF-ȕ1) and collagen IV (Col IV) in human glomerular mesangial cells (GMC) cultured in high-glucose 
environment.  
Methods: After primary culture of GMC, in vitro culture was carried out in normal group, high glucose group and 
high glucose medium with ZHM of different concentrations, and the expressions of TGF-ȕ1 and Col IV in the GMC 
group and in ZHM group were detected at 24 and 48 h respectively.  
Results: Compared with the normal group, expressions of TGF-ȕ1 and Col IV significantly increased at 24 h, 48 h  
in the high glucose group (all P<0.01); Compared with the high glucose group, the expressions of TGF-ȕ1 and Col 
IV in all the ZHM groups significantly decreased at 24 h, 48 h (P<0.05 or P<0.01). 
Conclusion: ZHM may modulate the process of diabetic nephropathy by changing the expression of TGF-ȕ1 and 
Col IV in glomerular mesangial cells. 
Keywords: Zao Huang Mixture (㯏咘ড়ࠖ ZHM); transforming growth factor-ȕ1; collagen IV; human glomerular 
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Diabetic nephropathy (DN) developing to glomerular 
sclerosis is the final result in the irreversible course of 
diabetes mellitus (DM). Over high blood sugar is one of 
key factors inducing abnormal accumulation and 
sedimentation of renal extracellular matrix (ECM) and 
leading to a series of metabolic changes. In recent years, 
most scholars have found that abnormal accumulation of  
ECM in glomerular matrix plays an important role in 
onset of DN, and collagen Č (Col Č) is one of main 
components of ECM, and transforming growth factor-ȕ1 
(TGF-ȕ1) is considered to be one of the most important 
factors promoting fibrosis, and it is a main mediator 
inducing glomerular sclerosis and renal interstitial 
fibrosis.1 In the study, glomerular mesangial cells (GMC) 
were cultured in high glucose environment to investigate 
effects of high glucose on secretion of TGF-ȕ1 and Col 
Č in glomerulus and their changes under Zao Huang 
Mixture (㯏咘ড়ࠖ ZHM) interference, so as to further 
probe into the mechanism of the Chinese medicine in 
prevention and treatment of DN.  
METHODS 
Main Reagents 
DMEM low sugar culture (ScienCell, USA), fetal serum 
(Gibco Company, America), MsCM (ScienCell, USA), 
DMSO (Amresco, USA), collagenase IV (Sigma, 
America), 0.25% trypsase (containing 0.02% EDTA, 
Sigma), mouse-anti-human Į-actin, myosin, vimentin, 
conjugated protein, cellular keratin (Wuhan Boster, 
China), factorĐ  antibodyĉ  (SantaCruz Company, 
America), Sheep-anti-rat IgG-FITC fluorescence 
antibodyĊ  (Wuhan Boster, China), human TGF-ȕ1 
ELISA kit and human Col Č ELISA kit (Wuhan Boster, 
China) 
Source and Preservation of the Renal Tissue1       
The fetus of 12–32 weeks come from Yantai Economy 
and Technology Development Zone Hospital was taken 
by induction of labor with water bag under the 
supervision of Ethics Committee, and the skin of the 
back and loin was disinfected with 75% alcohol and the 
kidney was taken under aseptic condition and placed on a 
plate and washed with saline for 3 times and then 
transferred into D-Hanks balance salt solution and 
preserved for experimental use.  
Preparation of Medicines 
ZHM is composed of extracts of Chinese drugs Hai Zao 
(Sargassum) and Da Huang (Radix et Rhizoma Rhei), 
after which were mixed, a small amount of MsCM and 
DMSO was added and the required concentration of the 
mixture in the experiment was prepared by ultrasound 
grinding and other techniques. 
Culture of Glomerular Mesangial Cells 
Renal glomerular mesangial cells (GMC) were cultured 
with reference to the modified method.2 The renal cortex 
was taken and separated and clipped into very fine pieces 
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till meat paste, and then gently ground with a tissue 
grinder, and filtered with a stainless steel sieve of 200 
mesh and the tissue on the sieve was collected, which 
was added with DMEM low sugar medium containing 
0.15% collagenase Č for digestion and then centrifuged 
twice, and the sediment was added with the medium and 
then transferred into a culture plate. After mixed, it was 
placed an incubator at 37 ć, 5ČCO2 for culture. After 
adhering to full bottom of the plate, the cells were 
routinely digested with 0.25% trypsin containing 0.02% 
EDTA and secondary culture was carried out. The MsCM 
culture medium was used from the third generation, and 
the cells of 3–6 generations were selected in the 
experiment. 
Identification of GMC  
Morphological identification: After cultured for 3 days, 
the adherent GMC with spindle-shape, long and thin or 
stellar characteristics could be seen under an inverted 
phase contrast microscope. 
Immunofluoresence-chemical identification: anti-Į-actin, 
myosin, vimentin, conjugated protein were expressed as 
positive, and cellular keratin, factorĐ antibody I were 
expressed as negative. 
Observation of vimentin expression with confocal laser 
scanning microscope: The GMC has specific fiber 
bundles. 
Grouping 
Five groups were set up: the glomerular mesangial cells 
at logarithmic growth phase in the culture dish were 
regulated as 5×105/mL and inoculated in a 96-well 
culture plate, 200 ȝL in each well. After adherent growth 
for 24 h, they were cultured in the medium containing 
0.5% serum for another 24 h to make most of cells in 
step with G1 phase, and then the corresponding mediums 
and the medicines were added to the different groups: the 
normal group (NG group): glucose 5 mmol/L; the high 
glucose group (HG group): glucose 30 mmol/LĢthe low 
dose group (HG+ZHM10 group): high glucose +ZHM 10 
ȝg/mL; the middle dose group (HG+ZHM20): high 
glucose + ZHM 20 ȝg/mL; the high dose group 
(HG+ZHM40): high glucose + ZHM 40 ȝg/mL, 6 wells 
in each group. The cellular supernatant  were collected 
respectively after cultured for 24 and 48 h and kept at 
-20  for detection.ć
Detection of TGF-ȕ1 and ColČ with ELISA 
The grouping was the same as the above, and according 
to directions of the kits, the cultured cell supernatant 100 
ȝL was poured into a microplate and covered for reaction 
for 90min at 37 . And then the ć liquid in the plate was 
thrown off and absorbed with the water-absorbing paper, 
and added with biothin-labeled anti-human TGF-ȕ1 
antibody work solution, 0.1 ml in each well, for reaction 
for 60 min at 37 , rić nsed 5 times with 0.01 mol/L PBS, 
then 90 ȝL TMB chromogenic solution was added to 
each well, light-tightly reacted for 0–15 min at 37 , ć
added with 0.1 mL TMB stopping solution. Then O.D 
(optical density, O.D) was detected with a microplate 
reader at 450 nm wave length, and the standard curve 
was drawn and the content in each group was calculated. 
Statistical Analysis 
All data were expressed as ( x f s), and SPSS16.0 
statistical software was used for analysis of variance. 
LSD-t test was adopted for comparison between groups, 
P<0.05 was regarded as statistical significance.
RESULTS 
TGF-ȕ1 Secreted by GMC in High Glucose and Its 
Changes after Interference of ZHM (Table 1) 
Compared with NG, TGF-ȕ1 expression significantly 
increased (P<0.05) at 24 h, 48 h; Compared with HG, 
TGF-ȕ1 expression in all the ZHM groups significantly 
decreased (P<0.05 or P<0.01). 
Col IV Secreted by GMC under High Glucose and Its 
Changes after Interference of ZHM (Table 2) 
Compared with the normal group (NG), Col  Č
expression significantly increased (P<0.01) at 24 h, 48 h; 
Compared with the high glucose group (HG), Col  Č
expression in all the ZHM groups significantly decreased 
(all P<0.01). 
Table l. Effects of ZHM of different concentrations on 
the expression of TGF-ȕ1 (pg/mL, xfs, n=6) 
Group 24 h 48 h 
NG 14.52±4.42 18.68±5.89 
HG 22.85±2.35Ƹ 34.27±2.56Ƹ
HG+ZHM10 18.93±3.15* 21.52±1.72** 
HG+ZHM20  12.18±2.94** 22.10±2.81** 
HG+ZHM40  15.35±2.35** 16.27±2.27** 
Notes: Compared with NG group, ƸP<0.01; Compared with HG 
group, *P<0.05, ** P<0.01. 
Table 2. Effects of ZHM of different concentrations on 
the expression of Col IV (pg/mL, xfs, n=6) 
Group 24 h 48 h 
NG  97.72±3.54 99.68±4.34 
HG  108.61±4.15Ƹ 116.55±3.97Ƹ
HG+ZHM10   88.40±3.92*  70.52±4.27* 
HG+ZHM20   82.88±4.15*  64.87±4.03* 
HG+ZHM40   74.47±3.80*  56.53±3.80* 
Notes: Compared with NG group, ƸP<0.01; Compared with HG 
group, *P<0.01.  
DISCUSSION 
DN is one of the most main microvascular lesions in the 
diabetic patient and its final result is chronic renal 
insufficiency. According to statistical data of USA, Japan 
and many European countries, it is indicated that DN has 
become the first cause of disease of the final stage of 
renal disease. At present, DN morbidity shows the 
tendency to increase in our country.3 Pathogenesis of DN 
is very complicated, with many factors involved. Among 
them, the effect of high sugar on DN is being a key point, 
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because high sugar environment can induce production 
increase and degradation decrease of extracellular matrix 
proteins such as collagen Č.4 QI, et al.5 found that 
TGF-ȕ1 expression increased and Col IV expression 
decreased in cultured fibroblasts in high sugar 
environment. CAO, et al6 observed effects of Wen Yang 
Huo Xue Prescription (⏽䰇⌏㸔ᮍ a Recipe for 
Worming yang and activating blood circulation and 
removing blood stasis) on renal interstitial Col IV
expression in the unilateral ureteral obstruction model rat 
and found that the prescription could significantly inhibit 
Col IV expression, and further study indicated that this 
was possibly related with its functions of inhibiting renal 
interstitial fibrosis and protecting function of renal tubule. 
CAI, et al7 developed a glomerular sclerosis model and 
found by use of RT-PCR method that modified Didang 
Decoction delayed glomerular sclerosis via down- 
regulating Col Č of renal tissue in the rat, so as to treat 
chronic renal failure. 
Normal glomerular extracellular matrix can be divided 
into two parts, glomerular basement membrane (GBM) 
and mesangial matrix according to its form, which were 
composed of 4 kinds of large molecules, gluprotein, 
proteoglycan, osamine polyglucose and collagen. 
Collagen Č (Col Č) constitutes basic network-like 
frame of glomerular ECM, accounting for about 50% dry 
weight of GBM, and it is one of important components 
of extracellular matrix. High glucose environment can 
induce production increase and degradation decrease of 
extracelullar matrix proteins, such as collagen IV and I, 
fibronectin, laminin, and so on. TGF-ȕ is a polypeptide 
with multi-biological functions, and it plays an important 
role in cellular growth and differentiation, and 
multi-physiologic and pathological processes.9 TGF-ȕ is 
a main factor mediating generation and development of 
DN. It is reported that TGF-ȕmRNA level and protein 
expressions in glomerulus and renal tubular interstitial of 
type 1 and 2 diabetic animal models significantly 
increase,10 play a key regulatory role in formation of 
many organ fibrosis diseases with abnormal extracellular 
matrix degradation as main mechanism. TGF-ȕ can 
promote synthesis and secretion of ECM, inhibiting 
degradation of ECM. And it also can induce aggregation 
of fibroblast of renal interstitial muscles. 
Changes of TGF-ȕ1 and Col Č of human primary 
culture GMC in high glucose environment, particularly, 
the report about the effects of Chinese medicines on their 
expression is less found. In the present study, effects of 
ZHM on TGF-ȕ1, Col Č secreted by glomerular 
mesanginal cells (GMC) under high glucose environment 
were observed and it was found that ZHM could 
significantly inhibit secretion of TGF-ȕ1 secretion of 
mesanginal cells and decrease secretion of extracellular 
matrix component Col Č. ZHM is composed of extracts 
of Chinese drugs Hai Zao (Sargassum) and Da Huang 
(Radix et Rhizoma Rhei), which play an important role 
in treatment of chronic renal failure. Clinically, it has 
been proved that Da Huang (Radix et Rhizoma Rhei) can 
decrease blood inosine and urea nitrogen, and improve 
clinical symptoms of chronic renal failure.11  
The previous study indicated that polysaccharide sulfate 
of brown algae, one of extracts of Hai Zao (Sargassum), 
could inhibit proliferation of GMC, and delay glomerular 
sclerosis.12 In the present study showed that ZHM may 
degrade ECM and delay pathophysiological course of 
DN through influencing Col Č expression, which 
possibly is one of mechanisms of ZHM for clinical 
treatment of chronic renal failure. 
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